We demonstrate in this paper the use of tools of complex network theory to describe the strategy of Australia and England in the recently concluded Ashes 2013 Test series. Using partnership data made available by cricinfo during the Ashes 2013 Test series, we generate batting partnership network (BPN) for each team, in which nodes correspond to batsmen and links represent runs scored in partnerships between batsmen. The resulting network display a visual summary of the pattern of run-scoring by each team, which helps us in identifying potential weakness in a batting order. We use different centrality scores to quantify the performance, relative importance and effect of removing a player from the team.
. Batting partnership network for the first Ashes Test involving England and Australia. Visually we observe the difference in scoring pattern for the two teams. For Australia, the dependence on BJ Haddin, PJ Hughes and SPD Smith is evident. The situation is different for England, where IR Bell formed regular partnership with the top order players like AN Cook and also lower order players like GP Swann. England displayed this team work throughout the Ashes 2013. While for Australia the scoring was mostly dependent on the top order players.
are defined as groups of individuals collaborating with each other with a common goal of winning a game.
Within teams, every team member co-ordinate across different roles and the subsequently influence the success of a team. In the game of Cricket, two teams compete with each other. Although the success or failure of a team depends on the combined effort of the team members, the performance or interactive role enacted by individuals in the team is an area of interest for ICC officials and fans alike. We apply network analysis to capture the importance of individuals in the team. The game of Cricket is based on a series of interactions between batsmen when they bat in partnership or when a batsman is facing a bowler. Thus a connected network among batsmen arises from these interactions.
In cricket two batsmen always play in partnership, although only one is on strike at any time. The partnership of two batsmen comes to an end when one of them is dismissed or at the end of an innings. 
Performance Index
We generate weighted and directed networks of batting partnership for all teams, where the weight of a link is equal to the fraction of runs scored by a batsman to the total runs scored in a partnership with another batsman. Thus if two batsmen A and B score n runs between them where the individual contributions are n A and n B , then a directed link of weight nA n from B to A. In Figure 1 we show an example of weighted and directed batting partnership network for two teams -Australia and England.
We quantify the batting performance of individual players within a team by analyzing the centrality scores -in-strength, PageRank score, betweenness centrality and closeness centrality.
For the weighted network the in-strength s in i is defined as
where ω ji is given by the weight of the directed link.
We quantify the importance or 'popularity' of a player with the use of a complex network approach and evaluating the PageRank score. Mathematically, the process is described by the system of coupled
where ω ij is the weight of a link and s serves as a correction in the case of the existence nodes with null out-degree, which otherwise would behave as sinks in the diffusion process. It is to be noted that the PageRank score of a player depends on the scores of all other players and needs to be evaluated at the same time. To implement the PageRank algorithm in the directed and weighted network, we start with a uniform probability density equal to 1 N at each node of the network. Next we iterate through Eq. (2) and obtain a steady-state set of PageRank scores for each node of the network. Finally, the values of the PageRank score are sorted to determine the rank of each player. According to tradition, we use a uniform value of q = 0.15. This choice of q ensures a higher value of PageRank scores [9] .
Another performance index is betweenness centrality, which measures the extent to which a node lies on a path to other nodes. In cricketing terms, betweenness centrality measures how the run scoring by a player during a batting partnership depends on another player. Batsmen with high betweenness centrality are crucial for the team for scoring runs without losing his wicket. These batsmen are important because their dismissal has a huge impact on the structure of the network. So a single player with a high betweenness centrality is also a weakness, since the entire team is vulnerable to the loss of his wicket. In an ideal case, every team would seek a combination of players where betweenness scores are uniformly distributed among players. Similarly the opponent team would seek to remove the player with higher betweenness centrality. Closeness centrality measures how easy it is to reach a given node in the network [11, 12] . In cricketing terms, it measures how well connected a player is in the team. Batsmen with high closeness allow the option for changing the batting order depending on the nature of the pitch or match situation.
In Table 1 we compare the performance of players for different teams. In the first Test, according and also shared the Player of the series with RJ Harris of Australia. Thus we see that tools of social network analysis is able to capture the consensus opinion of cricket experts. The details of the procedure is available online [13] and has been accepted for publication in Advances in Complex Systems.
Conclusion
To summarize, we investigated the structural properties of batsmen partnership network (BPN) in the Ashes 2013 Test series. Our study reveals that network analysis is able to examine individual level network properties among players in cricket. The batting partnership networks not only provides a visual summary of proceedings of matches for various teams, they are also used to analyze the importance or popularity of a player in the team. We identify the pattern of play for Australia and England and potential weakness in batting line-up. Identifying the 'central' player in a batting line up is always crucial for the home team as well as the opponent team. We observe that Australia depended more on the top batsmen, while England was involved in team-game.
There are some additional features which could be applied in our analysis. The networks in our study are static and we assumed all the batsmen are equally athletic in the field. One could add an "athletic index" as an attribute to each batsman. Also adding the fielders as additional nodes in the networks could provide us with a true picture of the difficulty faced by a batsman while scoring. In real life many networks display community structure : subsets of nodes having dense node-node connections, but between which few links exist. Identifying community structure in real world networks have could help us to understand and exploit these networks more effectively. Potentially our study leaves a wide range of open questions which could stimulate further research in other team sports as well. 
